Open arthrolysis is an effective way to treat elbow stiffness. However, previous approaches led to significant surgical trauma. The goal of the current study was to evaluate the outcome of open arthrolysis with limited medial and lateral approaches combined with hinged external fixation to treat elbow stiffness. A total of 18 patients (18 elbows) with elbow stiffness were retrospectively reviewed. The same inclusion and exclusion criteria were used for all patients. Preoperatively, the mean flexion arc was 43°±28° and the mean Mayo Elbow Performance Score was 62 points. Limited medial and lateral approaches were used to provide safe and complete arthrolysis. The other protocols included ulnar nerve transposition, medial epicondyle osteotomy, radial head resection, ligament repair, and hinged external fixation. Patients were encouraged to begin early rehabilitation 24 hours after surgery. At a mean follow-up of 20 months, the flexion arc improved to 130°±11° and the mean Mayo Elbow Performance Score was 97 points (15 excellent, 3 good). One patient had elbow instability, but function met the requirements of his daily life. Transient ulnar nerve palsy without infection occurred in 4 patients. With limited medial and lateral approaches, elbow stiffness can be treated effectively with open arthrolysis. This method is trauma controlled. Furthermore, a hinged external fixator can provide sufficient and safe rehabilitation. The use of open arthrolysis with limited medial and lateral approaches combined with hinged external fixation is an effective and safe method to treat elbow stiffness. [Orthopedics. 2015; 38(6) Medicine, 600 Yishan Rd, Shanghai, P R China 200233 (fancunyi0409@163.com). Received: January 5, 2014; Accepted: July 28, 2014. doi: 10.3928/01477447-20150603-55 abstract e477
T he elbow plays a central role in the function of the upper extremity. Elbow dysfunction limits activities of daily living. In addition, the elbow is vulnerable to contracture and stiffness after injury. 1 Range of motion of less than 30° to 130° is a common indication for operative treatment of stiff elbows. 2 Open arthrolysis is an effective way to treat elbow stiffness after failure of conservative management. Surgical approaches include anterior, 3 posterior, 4 medial, 5 lateral, 6 and combined techniques. 7, 8 Combined medial and lateral approaches allow the surgeon to release the stiff elbow more safely and completely compared with single approaches. However, significant surgical trauma is unavoidable. For this reason, minimizing the size of the incision can help to improve the surgical technique. This method allows the most direct access to the deep target tissues, shortens the incision, and decreases disruption of other structures. 9 This study describes the surgical outcome of arthrolysis with limited medial and lateral approaches combined with hinged external fixation to treat stiff elbows to provide an alternative to open elbow arthrolysis.
Materials and Methods

Patients
Between April 2011 and February 2012, 18 patients (18 elbows) underwent open elbow arthrolysis with limited medial and lateral approaches at a clinical trauma center. Ethical committee approval was obtained. All surgical procedures were performed by the same chief surgeon (C.F.). Inclusion criteria were as follows: a significant deficit in extension or flexion, at least 6 months from the onset of disease/injury or the latest surgical intervention, and skeletal maturity. Exclusion criteria were as follows: massive heterotopic ossification (Hastings and Graham class III 10 ), extensive articular pathology, removal of plate hardware of the olecranon or distal humeral shaft, and radial head replacement. The medical records were retrospectively reviewed. At follow-up, the functional arc of the elbow was measured by 2 investigators. Stability, pain, grip strength, radiographic manifestations, and other complications were documented at the same time.
The study group included 10 men and 8 women, with a mean age of 34 years (range, 18-63 years) at admission. The right elbow was affected in 9 cases, and the left elbow was affected in 9 cases. Epidemiologically, there were 14 cases of trauma, 3 cases of elbow synovitis, and 1 case of Kaschin-Beck disease. Three patients had undergone previous surgical intervention. The primary treatment of each patient is shown in Table 1 .
Preoperatively, mean extension was 49°±16° (range, 10°-75°) and mean flexion was 91°±22° (range, 60°-140°); therefore, mean active range of motion was 43°±28°. Three patients had significant limitation of forearm rotation (<100°). To assess stability, valgus stress test and lateral pivot shift test were performed for medial and posterolateral rotary instability. 11 The mean Mayo Elbow Performance Score was 62±16 points. According to arthritis grade, 11 patients were classified as grade 1 and 7 were classified as grade 2. Patient characteristics are shown in Table  2 . Radiographs and computed tomography scans were obtained to analyze the condition of the elbow joint preoperatively (Figure 1) .
Surgical Technique
All patients underwent arthrolysis with limited medial and lateral approaches combined with hinged external fixation to facilitate postoperative rehabilitation. The ulnar nerve was routinely released, regardless of preoperative symptoms.
A small 4-cm incision was made for the lateral approach with a lateral column procedure (Figures 2A-D ) 6 . The brachioradialis and extensor carpi radialis longus extensor origins were reflected to expose the anterolateral capsule. After the brachialis was elevated and the radial nerve, medial nerve, and brachial artery were protected, the anterior capsule was excised, leaving a medial part to be addressed with a medial approach if necessary. The coronoid could be exposed for osteophyte clearing. The radial collateral ligament could be excised, but the lateral ulnar collateral ligament should be left to prevent subsequent instability. 12 If the lateral collateral ligament was not repaired by direct suture, an anchor would be applied to restore lateral stability. 13, 14 The humeroradial joint was released if necessary. The authors did not expose the posterior aspect of the elbow with a lateral approach to minimize surgical trauma.
Subsequently, a 4-cm medial incision was performed, curving along the ulnar nerve (6 cm in larger patients) ( Figure  2A) . The ulnar nerve was routinely released, regardless of preoperative symptoms. 7 After the nerve was protected, the triceps was retracted posteriorly to expose the posterior aspect of the joint. The posterior capsule and the osteophytes of the olecranon could be easily excised. The surgeon performed further clearance of the olecranon fossa and olecranon tip osteotomy to eliminate blockage of extension. With this approach, for anterior release, parts of the flexor and pronator origins were detached from the medial epicondyle to expose the anterior capsule, which was difficult to visualize with the lateral approach. Further release was performed to the posterior and transverse bundle of the medial collateral ligament, the anterior capsule, and heterotopic ossification. The anterior part of the medial collateral ligament was preserved for medial stability. 15, 16 Before closure, the ulnar nerve could be left in situ with or without medial epicondylectomy (Figure 2C) .
Range of motion was measured throughout the procedure, and after satis-factory mobility was obtained, a unilateral external fixator (EBI, Orthofix, Verona, Italy) was applied to the elbow. A concentric axis of the elbow was identified with a drilled 2.0-mm Kirschner wire before the external fixator was applied. Two titanium screws were placed on the bones of each side of the elbow. After range of motion was measured and documented, the region of the muscles was reattached with sutures and the wound was closed in layers. Drains were placed for both approaches. A radiograph of the joint space was obtained to ensure that it was analogous to the contralateral side after application of the fixator and distraction. The first night, the external fixator was locked in at a comfortable angle for the patient that the elbow could not reach preoperatively. Extreme flexion and extension were avoided.
Postoperative Management
To prevent heterotopic ossification and ease rehabilitation, indomethacin 25 mg 3 times daily was prescribed for 4 weeks. Early mobilization began on the first or second postoperative day. The protocol included flexion, extension, and rotation in the pattern of active, passive, and active assisted range of motion ( Figures 2E-F) . Range of motion was encouraged to gain at least 90% of what had been reached during operation in the first postoperative week. In addition, appropriate manual distraction was applied to increase mobility. The customized rehabilitation protocol was based on the stability achieved surgically and pain that occurred during exercises performed 3 times daily, each time for half an hour. Motion was consolidated by immobilizing the elbow in flexion or extension overnight with a hinged external fixator. The length of the sessions increased gradually to 1 to 1.5 hours until the hinged external fixation was removed 6 to 8 weeks later as an outpatient procedure.
Statistical Analysis
All data (mean±SD) were processed with SPSS version 13.0 software (SPSS, Chicago, Illinois). No power analysis was performed.
results
Follow-up averaged 20 months (range, 16-26 months). Postoperatively, mean range of motion improved to 130°±11° (range, 110°-160°), mean extension was 4°±6° (range, -10° to 15°), and mean flexion was 135°±9° (range, 120°-150°). Mayo Elbow Performance Score im- 
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Copyright © SLACK inCorporAted n Feature Article Table 2 Surgical Results Table 2) . At the latest follow-up, radiographs showed good congruity of the elbow joint in all patients, although the drop sign 17 was seen in the unstable elbow. All anchors were in the position used to repair the lateral collateral ligament and medial collateral ligament. After surgery, the arthritis grade was grade 0 in 6 patients, grade 1 in 10 patients, and grade 2 in 2 patients. No patient had heterotopic ossification, and no infections occurred. Four patients had transient ulnar nerve palsy, and the symptom had resolved at the latest follow-up (Figure 3) .
Preoperative
discussion
Trauma is one of the most common causes of elbow stiffness. Despite advances in the management of injuries around the elbow, approximately 12% of elbow injuries (fractures, dislocations, and biceps tendon ruptures) result in contractures that require surgical release. 18 Other reasons for stiffness include rheumatoid arthritis (synovitis and destruction of the joint), heterotopic ossification after burn and central nerve damage, and degenerative disease such as a loose body. All of these could lead to contractures, either intrinsic or extrinsic. Surgery is an effective treatment after failure of nonoperative interventions, such as physiotherapy and dynamic splinting. 19 The goals of treatment are to eliminate obstacles and restore concentric motion. Stability should be considered as a functional outcome. 
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Copyright © SLACK inCorporAted n Feature Article Surgery includes arthroscopic release and open release. Although arthroscopy has been developed to reach most of the pathology, the extensive articular involved joint and the proximal radioulnar joint are not accessible. Therefore, rotational deficit elbow stiffness is a contraindication to this minimally invasive treatment. 20 Another disadvantage is potential nerve damage, which limits the use of this procedure to those with high levels of experience with this technique. 21, 22 On the other hand, open arthrolysis is easy to perform and provides complete relief of complex and severe elbow stiffness, especially in cases that require ulnar nerve release, hardware removal, or proximal radioulnar joint surgery.
Surgical approaches include anterior, medial, lateral, and combined techniques. The anterior approach is no longer used because it does not allow visualization of posterior structures and it is associated with neurovascular damage and scar contracture. The posterior approach provides medial and lateral access simultaneously; however, significant soft tissue stripping is required to gain sufficient anterior access. Furthermore, there is a risk of incision rupture at early rehabilitation. Advantages of the medial approach include access to the anterior and posterior parts of the joint, exposure of the ulnar nerve, and relatively invisible scars. 5, 9 However, rotational limitation cannot be addressed because lateral structures, such as the radial head and lateral ligament complex, are out of reach. The lateral approach is used most widely because it provides outstanding access to pathology, including the radiocapitellar joint, and it also protects the radial nerve. 23 The lateral approach cannot be used to treat ulnar nerve palsy.
These approaches are associated with significant surgical trauma that slows recovery and affects postoperative rehabilitation. Combined medial and lateral approaches can safely address flexion and extension contractures, 7 allowing the surgeon to minimize the incision and decrease trauma. The authors used limited medial and lateral approaches that provided lateral and anterior access as well as medial and posterior access to the target pathologies. The medial approach allowed visualization of the part of the anterior capsule that was difficult to reach with the lateral approach. Limited approaches can be used, but they have restrictions. Contraindications include bone deformity involving the humeroulnar joint surface, a massive bone bridge of heterotopic ossification, and the need to restore an old fracture and remove plates from the distal humerus and olecranon. For these reasons, it is important to assess every patient before operation.
Brinsden 24 reported a limited lateral approach to treat posttraumatic elbow flexion contractures in which the lateral column approach was as small as 8 cm. Both extrinsic and intrinsic pathologies were involved. The flexion arc improved 38° at the time of surgery. Although all patients were satisfied with the results, the motion defects had not been restored completely. In another study, Dutta 9 described a limited medial approach (a 6-cm-long incision) that provided access to anterior and posterior pathology. However, this approach cannot reach lateral structures, including the humeroradial joint. Although the protocols were similar to the method used in this study, the authors prefer to reach most of the anterior region with a lateral approach to avoid interfering with the medial nerve. In the current study, incisions were limited (lateral, 4 cm; medial, 4 cm). The average flexion arc improved 87°. These findings are encouraging compared with the results of other studies that reported improvement of 87° and 89°. 25, 26 Furthermore, these authors 25, 26 applied a hinged external fixator to assist postoperative rehabilitation (as was done in the current study), and results were much better than those achieved with open release alone. 20 The use of a hinged external fixator in this way differs from its typical use as a salvage to restore joint stability and optimize rehabilitation. In addition, it is part of the strategy to treat elbow stiffness with mechanical distraction. 27 The stress of distraction was determined by the surgeon's assessment throughout the operation, depending on the blocking pathology and the efficacy of release. The goal was to gain a passive arc of elbow 
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A B e482 motion of 0° to 130° with the force of 2 fingers applied by the surgeon. The inclusion and exclusion criteria specified the indications for complete release. Meanwhile, the hinged external fixator extends the application of limited approaches by providing further therapeutic effectiveness despite contracture pathology left behind in surgery. The combination of these protocols provides an ideal strategy to treat elbow stiffness. Ulnar nerve dysfunction is a common complication after elbow arthrolysis. 20 It is much more common in patients with preoperative extension contracture because of restriction of the space available for the nerve postoperatively. 9 Although there is no consensus on the practice of releasing the ulnar nerve during surgery, the authors recommend it as a routine procedure to resolve paresthesias and pain during early rehabilitation and reduce the risk of injury intraoperatively and postoperatively. Moreover, medial epicondyle osteotomy allows minimization of the medial approach, which provides a satisfactory outcome.
Instability is a critical complication after open arthrolysis. Despite the osseous structures, collateral ligaments are the most important stabilizers for the elbow joint. During complete arthrolysis, the bundles of medial and lateral collateral ligaments are inevitably damaged. However, the anterior bundle of the medial collateral ligament and the ulnar bundle of the lateral collateral ligament must be preserved as far as possible. If they cannot be preserved, they should be repaired to restore stability. Methods include direct repair, bone tunnel with tendon graft, 28, 29 and bone anchor suture. 13, 14 However, long-term follow-up is needed to evaluate the stability of treatment results, and improvement of these techniques is needed.
Limitations
Inherent limitations of the study included its retrospective nature and the small sample size. Furthermore, there is little high-quality clinical literature, including prospective comparison studies, on the method.
conclusion
Elbow stiffness can be treated effectively with limited medial and lateral approaches. Functional mobility can be restored, and surgical trauma can be controlled as well. With a hinged external fixator, rehabilitation is safer and more effective. Open arthrolysis with limited medial and lateral approaches combined with the use of a hinged external fixator is an effective and safe method to treat elbow stiffness.
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